First lactation milk, fat, and protein yields for first lactations of 8044 Holstein cows in New York from 24 herds were used to estimate genetic and phenotypic covariances with an animal model by restricted maximum likelihood. Numerator relationships within herd, including those from sires, were utilized, although relationships across herds were ignored. Each analysis was terminated after 300 rounds of iteration. Average milk production (twice daily milking, 305-d lactation, mature equivalent) was 8630 kg. Estimates were obtained for each individual herd and groups of 3, 6, and 12 herds. Average estimates from separate analyses of the 24 herds were nearly identical to those from combined analysis. Heritability estimates from combined analysis were .36, .35, and .33 for milk, fat, and protein yield with standard errors of approximately .03. Genetic correlations were .72 for milk and fat, .88 for milk and protein, and .77 for fat and protein. Phenotypic correlations were .81, .91, and .82. Heritability estimates for individual herds were quite variable with standard errors of about .15. The largest environmental standard deviation for a herd was about twice the smallest. Estimates from only one analysis failed to converge-a group of three herds. All single herd analyses reached convergence as did the other 7 trios of herds and all sets of 6 and 12 herds.
INTRODUCTION
When inexpensive protein testing was introduced in the early 1980's, reports of heritability for protein yield and correlations with milk and fat yield were rare and based on relatively small and difficult to obtain data sets (4, 16, 27) . Review papers (1, 10, 14, 23) outlined potential benefits and cost effectiveness of protein testing and selection. When multiple-trait (milk, fat, and protein) sire evaluation was introduced (9) in the Northeast, estimates of required genetic and phenotypic covariances were needed. Estimates obtained from small data sets available from paid testing for protein (15, 17) were marked by unrealistic estimates of the correlation between milk and fat and relatively small or inconsistent heritability estimates for milk, fat and protein. In fact, the genetic covariance matrix reported by Manfredi et al. (17) was negative definite. Lawlor's (15) estimates obtained from records based on the first 15 mo of widescale protein testing (July 1981 to September 1982) with a relatively large data set (37,233 first lactation records of daughters of 702 sires) using REML procedures, but not relationships among the sires, also featured very small estimates of heritability (.20, .20 , and .15 for milk, fat, and protein) and a relatively small estimate of the genetic correlation between milk and fat yield (.51). Because the data resulted mostly from daughters of proved bulls, heritability estimates might have been reduced because of selection. Hargrove et al. (11) . using differences from modified contemporary averages and method 1 of Henderson (12) , reported estimates similar to those of Lawlor (15) . Cue et al. (5) , also using a sire model and REML with relationships among sires considered to be zero and a Canadian Holstein data set smaller than that of Lawlor, reported estimates remarkably similar to those that are reported in this paper except for a smaller estimate of heritability for protein yield. Sci 71 : 3040-3046  3 040 Swalve and Van Vleck (21) used REML with a multiple-trait animal model to estimate the covariance structure among first three milk lactation records. The animal model for simultaneous bull and cow evaluation (20, 25, 26) will require estimates of variances appropriate to an animal model.
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The purposes of this study were 1) to obtain estimates of covariances needed for genetic evaluations for protein, fat, and milk with an animal model, 2) to examine groups of data sets to obtain some idea of the sampling variances of covariance matrices estimated from relatively small samples with an animal model, and 3) to determine the range of estimates obtained from individual herds, which is one possible approach to evaluation with heterogeneous genetic and environmental variances.
MATERIALS AND METHODS

Data
Records on first lactation (twice daily milking, 305-d lactation mature equivalent) milk, fat, and protein yields of Holstein cows were obtained from the Northeast Dairy Records Processing Laboratory. These records were for cows freshening after free protein testing began in 1981. Cows in the herds before that time were utilized to create relationship matrices. Herds were chosen for analysis that had approximately 300 to 400 cows with milk, fat, and protein records. These herds had greater production (average of 1070 kg milk) than the entire data set. Characteristics of the 24 herds are in Table 1 .
Methods
The REML estimation procedure with the expectation-maximization algorithm (REML-EM) used by Swalve and Van Vleck (21) as derived from Henderson (13) was used with an animal model. The model for a record contained a fixed herd-year-season effect (two seasons per year), the additive genetic value of the animal, and an environmental effect. Covariances between genetic and environmental effects were assumed to be zero. All numerator relationships within a herd (including sires) were utilized. The approximation involved with the procedure (21) is that numerator relationships across herds are assumed to be zero.
Because each cow was required to have all three yield records, and because only one random effect other than the residual effect was in the model, a canonical transformation (2, 22) , as outlined by Lawlor (15) for a sire model, was used to reduce calculation to single-trait analyses. The portion of the inverse of the relationship matrix due to sires and cows without protein records was absorbed into the portion for cows with all three traits measured. The numerator relationship matrix among those cows was then obtained by inverting the result of the absorption. To reduce the number of calculations in each round of iteration, another transformation was employed involving the Cholesky decomposition of the relationship matrix as described by Lawlor (15) referenced by personal communication to R. L. Quaas (1983) to diagonalize the portion of the mixed model equations corresponding to the additive genetic values. Householder matrices (19) were then employed to tridiagonalize the mixed model equations, which, except for a constant times the identity matrix, do not change from round to round. The simplicity of the resulting tridiagonal form allows rapid calculation of solutions and inverse elements needed for the REML-EM procedure. Each analysis was stopped after 300 rounds of iteration when convergence was assumed. Convergence was monitored by the norm of the difference in estimates from round to round. To equalize significant digits, milk, fat, and protein records (lb) were scaled by dividing by 3200 lb, 120 lb, and 100 lb. Converged estimates in the tables are shown in scaled form with the conversion to (kg) 2 shown in the footnotes.
Starting values for all analyses were those obtained after 24 rounds for the data set that included the first 12 herds. Heritabilities were .318, .372, and .315 for milk, fat, and protein.
Genetic correlations for milk-fat, milk-protein, and fat-protein were .778, .905, and .834; corresponding phenotypic correlations were .805, .929, and .827.
RESULTS AND DISCUSSION
Two data sets (herds 1 to 12 and herds 13 to 24) were analyzed first. The two data sets gave such similar results that later individual herds, groups of three, groups of six, and the complete set (herds 1 to 24) were analyzed separately relations between milk and protein are more similar from study to study than correlations between milk and fat (4, 11, 15, 16, 27) . The greater heritabilities in this study may be due to the tendency shown in many studies [e.g., (7)] for heritability to increase with herd production, which is much greater in these data than in data used in earlier studies.
The two initial data sets (herds 1 to 12 and 13 to 24) yielded similar estimates of heritabilities and correlations, although the phenotypic and environmental variances were considerably greater in the second data set, possibly associated with a mean production level difference of 375 kg. Even data sets of only 6 herds ( Table 2 ) resulted in somewhat similar estimates, especially for phenotypic correlations.
Estimates from samples containing 3 herds were more variable ( Table 2 ). In one case, for herds 22 to 24~ estimates for the covariance matrices did not converge, even though convergence was obtained when those herds were combined with 3 other herds (19 to 21) and when analyzed as separate herds (Table 3) .
Individual herds yield quite variable results, although all separate analyses led to convergence. Estimates of phenotypic correlations were least variable over all herds, especially between milk and protein. The ranges suggest a standard deviation for separate herd estimates of heritability of about .15 for herds of size 300 to 400. The pooled estimates from 24 herds would then have standard error of about .03. These herds were relatively large. Estimates from smaller herds would be expected to be even more variable. Genetic variances therefore would seem to be difficult to estimate for individual herds and for herds within a limited period of time.
Environmental variances from analyses for individual herds are shown in Table 1 and suggest considerable differences in variance from herd to herd with environmental standard deviations being different from smallest to largest by a factor of about 2 for milk or fat yield and of >2 for protein yield. The importance (3, 24) of differences of this magnitude will depend on the distribution of variances and, in the case of sire proving, on the distribution of daughters across herds.
CONCLUSIONS
Estimates of heritability are similar for milk, fat, and protein and are considerably different from those used in genetic evaluations. Estimates of heritability for milk are similar to those obtained from several other samples of similar sizes using REML with an animal model (8, 21) . These estimates are consistently greater than those obtained earlier when production was less and particularly when sire models were used [e.g., (16) ]. Heritability estimates from daughter-dam regression with similar production are about the same as found in this study [e.g., (6) ]. Estimates from a sire model by Cue et al. (5) and Monardes and Hayes (18) are also in agreement with results reported here. If these estimates represent variance-covariances from an unselected population, then consideration must be given to using these estimates rather than those now used in genetic evaluation programs.
The method of pooling data from a sample of herds appears to lead to estimates with relatively small standard errors for herd sizes of 300 to 400 and as few as 24 herds. Problems of convergence can occur as in this study when small samples are used, which may create problems if genetic evaluation is done jointly with estimation of variance components.
